Objective: Previous research has suggested that childhood emotional abuse, physical abuse, and sexual abuse are associated with an increased risk for ischemic heart disease. Our objective was to examine whether childhood abuse predicted incident metabolic syndrome, a precursor to heart disease, in midlife women. Methods: Participants were 342 (114 Black, 228 White) women from the Pittsburgh site of the Study of Women's Health Across the Nation (SWAN). SWAN included a baseline assessment of premenopausal or early perimenopausal women in midlife (mean age ϭ 45.7), and women were evaluated for presence of the metabolic syndrome over 7 annual follow-up visits. Women were classified as having metabolic syndrome if they met 3 of the following criteria: waist circumference Ͼ88 cm, triglycerides Ն150 mg/dl, HDL Ͻ50 mg/dl, SBP Ն130 or DBP Ն85 mmHg or on blood pressure medication, and fasting glucose Ն110 mg/dl or diabetic. The Childhood Trauma Questionnaire is a standardized measure that retrospectively assesses 3 domains of abuse in childhood and adolescence: emotional, physical, and sexual abuse. Results: Approximately 34% of the participants reported a history of abuse. Cox model survival analysis showed that physical abuse was associated with incident metabolic syndrome over the course of 7 years (HR ϭ 2.12, p ϭ .02), adjusted for ethnicity, age at baseline, and time-dependent menopausal status. Sexual abuse and emotional abuse were unrelated to the metabolic syndrome. Conclusion: This is the first study to show that a history of childhood abuse, specifically physical abuse, is related to the development of metabolic syndrome in midlife women.
Epidemiological studies of childhood abuse show that as many as a quarter of all women report a history of childhood abuse (Felitti et al., 1998; Walker et al., 1999) . One such study assessed over 9,000 women from a health maintenance organization and found that 27% of women reported physical abuse, 25% reported sexual abuse, and 13% reported emotional abuse (Dube et al., 2001 ). Childhood abuse is commonly associated with negative psychological health problems, including depression, posttraumatic stress disorder, and alcohol and substance abuse (Brewin, Andrews, & Valentine, 2000; Simpson & Miller, 2002; Widom, Dumont, & Czaja, 2007) . A recent meta-analysis suggested that childhood abuse also predicts physical health problems, and the magnitude of this relationship is similar to the association between abuse and psychological outcomes (Wegman & Stetler, 2009) . For example, one study found that emotional, physical, and sexual abuse significantly increased the risk of ischemic heart disease by 1.4-to 1.7-fold compared with people with no history of any type of abuse (Dong, Anda, et al., 2004) . It is possible that childhood abuse not only predicts cardiac events but also is associated with indicators of cardiometabolic risk prior to the occurrence of clinical events.
An important preclinical syndrome is the clustering of metabolic risk factors, including central adiposity, hypertension, dyslipidemia, and insulin resistance. The metabolic syndrome predicts the development of atherosclerosis, myocardial infarction, and type 2 diabetes (Grundy et al., 2005; Ninomiya et al., 2004; Smith, 2007) .
Women may be particularly vulnerable. A recent study from the Third National Health and Nutrition Examination Survey reported that the metabolic syndrome was an independent risk factor for all-cause mortality and cardiovascular-related mortality in postmenopausal women, although not in premenopausal women or men (Lin, Caffrey, Chang, & Lin, 2010) . Furthermore, as women age (Ն55 years old), the metabolic syndrome becomes a stronger predictor of cardiovascular disease compared with when they are younger (Lorenzo, Williams, Hunt, & Haffner, 2007) .
To our knowledge, only one study has examined whether a history of childhood abuse or neglect is associated with aspects of the metabolic syndrome in adulthood. In men and women enrolled in the Dunedin New Zealand Study, a likely history of childhood abuse or neglect was associated with a 1.39 odds ratio for having a clustering of metabolic risk biomarkers (at least three of the following: overweight, high blood pressure, high total cholesterol, low high-density cholesterol, high glycated hemoglobin, and low VO2 max adjusted for body weight) at age 32 (Danese, Pariante, Caspi, Taylor, & Poulton, 2007) . The current study aims to test the association between childhood abuse and incident metabolic syndrome, defined by the National Cholesterol Education Program Adult Treatment Panel III criteria, in women during midlife aging, a time of increased metabolic syndrome prevalence. In previous literature, physical abuse and sexual abuse have predicted obesity in the same sample of midlife women (Midei, Matthews, & Bromberger, 2010) . Thus, we hypothesized that childhood abuse, specifically physical abuse and sexual abuse, would be associated with incident metabolic syndrome in midlife, adjusting for ethnicity, age at baseline, and time-dependent menopausal status. Due to our previous report (Midei et al., 2010) that abuse predicted central adiposity in this sample, we also conducted subanalyses to examine whether components of the metabolic syndrome other than central adiposity were driving any overall associations. Significant results would suggest that the list of psychosocial stressors predicting the metabolic syndrome, such as depression and low socioeconomic status (Goldbacher & Matthews, 2007; Matthews, Räikkönen, Gallo, & Kuller, 2008) , might also include childhood abuse. Identifying susceptible subgroups at high risk for the metabolic syndrome may help with prevention and intervention for cardiovascular-related morbidity and mortality.
Method Participants
The present study was conducted using data from participants in the Study of Women's Health Across the Nation (SWAN), a multisite, community-based cohort investigation of menopause and aging. The sample included participants that enrolled in the Mental Health Study at the Pittsburgh SWAN site. The Mental Health Study collected detailed mental health data at baseline and conducted annual follow-up visits. Participants were eligible for inclusion in SWAN if they were 42 to 52 years old, had at least one menstrual period in the past 3 months, did not use oral contraceptives or other female reproductive hormones, had not undergone a hysterectomy or bilateral oophorectomy, and not pregnant or breast-feeding. All instruments and study protocol were approved by the University of Pittsburgh Institutional Review Board, and written informed consent was obtained from all participants.
Of the 463 Pittsburgh SWAN participants eligible for the Mental Health Study, 96% enrolled (n ϭ 443). The Mental Health Study retention rate was approximately 82% through follow-up Visit 9 (n ϭ 365). Twenty-three participants did not complete the Childhood Trauma Questionnaire (CTQ), which was administered at Visit 8 or 9. The final sample used in this study included 342 women (113 Black, 229 White).
Procedure
SWAN and Mental Health Study baseline assessments were conducted in 1996 and 1997. SWAN participants completed self-administered and interviewer-administered questionnaires, and a physical examination at the SWAN baseline and annually (ϩ/Ϫ 3 months) thereafter. Core SWAN data collection provided metabolic syndrome data at baseline and selected visits (Visits 1, 3, 4, 5, 6, 7), due to the cost of assays. The Mental Health Study provided childhood abuse data (measured by the CTQ) from Visit 8.
Measures
Childhood abuse. Childhood abuse was assessed using the 28-item short form of the CTQ (Bernstein & Fink, 1998) , a self-report instrument that assesses emotional abuse (five items), physical abuse (five items), and sexual abuse (five items). The CTQ also measures neglect and minimization/denial subscales, although these scales were not used in the present analyses. Subjects rated statements about childhood experiences on 5-point Likert-type scales (never true to very often true). Most items were phrased in objective and behavioral terms (e.g., "When I was growing up, someone touched me in a sexual way or made me touch them"), whereas some items required subjective evaluation (e.g., "When I was growing up, I believe I was sexually abused"). Items were summed to yield scores on three subscales (emotional abuse, physical abuse, and sexual abuse), with scores ranging from 5 to 25. Clinical cutoff points have been validated and have sensitivity and specificity at 0.85 or higher relative to clinical interview (therapists' ratings of childhood maltreatment; Bernstein & Fink, 1998; Bernstein et al., 2003; Walker et al., 1999) . Scores for each scale that were at or above these thresholds were classified as positive for abuse: emotional abuse ϭ 10, physical abuse ϭ 8, and sexual abuse ϭ 8. Women scoring at or above the clinical threshold on any one subscale were classified as having been exposed to any abuse. If scoring below all clinical cutoff points, an individual was classified as not exposed to abuse. The CTQ has strong test-retest reliability and convergent validity with clinical interview and therapist ratings (Bernstein et al., 1994; Bernstein et al., 2003; Walker et al., 1999) . Responses from SWAN participants showed that the CTQ had strong internal consistency, Cronbach's alpha ϭ .80 to .94 for the subscales in this investigation.
Classification of metabolic syndrome. We defined the metabolic syndrome using the National Cholesterol Education Program Adult Treatment Panel III definition (Grundy et al., 2005) . Women were identified as having the metabolic syndrome if they met three of the following five criteria: waist circumference (WC) Ͼ88 cm, triglycerides Ն150 mg/dl, high-density lipoprotein cholesterol (HDL) Ͻ 50 mg/dl, systolic blood pressure (SBP) Ն130 or diastolic blood pressure (DBP) Ն85 mmHg or on blood pressure medication, and fasting glucose Ն110 mg/dl or taking insulin or pills for high blood sugar.
WC was measured in centimeters at the level of the natural waist, defined as the narrowest part of the torso, as seen from the anterior aspect. In cases where a waist narrowing was difficult to identify, the measurement was taken at the smallest horizontal circumference in the area between the ribs and the iliac crest. Standardized protocols were used by trained personnel who were certified by the coordinating center to measure WC.
A fasting blood draw was used to assess lipids and glucose, and was targeted to Days 2 to 5 of the follicular phase of the menstrual cycle in menstruating women and within 90 days of the anniversary of the baseline examination date. If a timed sample could not be obtained after two attempts, or if a participant ceased menstruating, a random fasting sample was taken within a 90-day window of the annual visit. Three vacutainers (Becton Dickinson, Franklin Lakes, New Jersey) of blood were collected for cardiovascular measures: a 10-mL red-top (serum) tube, a 5-mL blue-top (citrate plasma) tube, and a 10-mL lavender-top (EDTA-plasma) tube. All specimen collection packets were provided by the University of Michigan Central Laboratory (Ann Arbor, Michigan). Glucose was assayed from the red-top tube and lipids were assayed from the lavender-top tube.
The red-top tube was inverted 5 times, stored for 30 min at room temperature, refrigerated at 4°C for 30 to 90 min, and then centrifuged at 2000 rpm for 20 min. The serum was aliquotted, frozen at Ϫ20°C, and shipped on dry ice to the central laboratory in less than 30 days. The lavender-top tube was inverted 8 to 10 times, placed on blue ice or refrigerated at 4°C for up to 2 hr, and then centrifuged at 2000 rpm for 20 min. The plasma was aliquotted, refrigerated at 4°C, and shipped on blue ice to the central laboratory in 7 days or less. The central laboratory was the Medical Research Laboratories (Highland Heights, Kentucky) and remained certified by the National Heart Lung and Blood Institute, Centers for Disease Control, Part 3 program.
Glucose was measured using a hexokinase-coupled reaction (Boehringer Mannheim Diagnostics, Indianapolis, Indiana). Total cholesterol and triglyceride levels were analyzed by enzymatic methods on a Hitachi 747 analyzer. HDL cholesterol was isolated using heparin-2M manganese chloride.
Blood pressure was measured according to a standardized laboratory protocol, with readings taken on the right arm, with the respondent seated and feet flat on the floor for at least 5 min prior to measurement. Respondents had not smoked or consumed any caffeinated beverage within 30 min of blood pressure measurement. Appropriate cuff size was determined based on arm circumference. A standard mercury sphygmomanometer was used to record systolic and diastolic pressures at the first-and fifth-phase Korotkoff sounds. Two sequential blood pressure values were obtained within a 5-min interval, and the average blood pressure was used in analyses.
Traditional risk factors. Cigarette smoking was assessed by the item "Since your last study visit, have you smoked cigarettes regularly (at least one cigarette a day)?" A positive response to this item indicated a current smoker. Smoking status was measured at baseline and each follow-up visit; however, there was a high degree of agreement between baseline status and each visit status (kappa statistics ranged from 0.78 to 0.90), so we used baseline smoking status in analytic models.
A physical activity index was created from the Kaiser Physical Activity Survey, which was originally adapted from the Baecke physical activity questionnaire (Baecke, Burema, & Frijters, 1982; Sternfeld, Ainsworth, & Quesenberry, 1999) . The survey assessed physical activity in three domains over the past year: (a) household and caregiving, (b) sports and exercise, and (c) work. The physical activity index was a summary score of two domains, household/ caregiving and sports/exercise, and ranged from 3 to 12, with high scores reflecting greater overall physical activity. The work domain was not included in the summary score because many women were not employed. Previous work has shown that this survey has strong test-retest reliability and validity in White and Black women (Ainsworth, Sternfeld, Richardson, & Jackson, 2000; Sternfeld et al., 1999) . Analyses used the physical activity index measured at baseline; after baseline, the full scale at each visit was not administered.
To identify alcohol abuse, we assessed diagnosis of lifetime alcohol abuse and dependence with the Structured Clinical Interview for DSM Disorders (SCID; Spitzer, William, Gibbon, & First, 1992) . The SCID is a standard semistructured interview used in many clinical and epidemiological studies to assess psychiatric disorders. It was conducted by a trained interviewer at baseline in SWAN.
Depressive-symptom levels were assessed by the Center for Epidemiological Studies Depression scale (CES-D; Radloff, 1977) . This is a 20-item scale measuring depressive symptoms with four-level responses indicating frequency of experiencing each symptom in the past week. Scores ranged from 0 to 60 and are dichotomized, with those scoring at or above 16 being classified as potentially clinically depressed. The CES-D has well-established reliability (Cronbach's alpha ϭ .85) and has been shown to correlate well with other depressive symptom questionnaires and with interview assessments of severity of depression (Fechner-Bates, Coyne, & Schwenk, 1994) . The CES-D was given at baseline and all follow-up visits. There was moderate agreement between depression scores across visits (intraclass correlation ϭ 0.50), suggesting that depression status changed over time. Repeated measures of depression were included in analyses in order to account for the possibility that a participant may endorse depressive symptoms at one visit but not the following visit. This was important because depressive symptoms have been associated with both childhood abuse and the metabolic syndrome, making it necessary to adjust for these symptoms at each visit. A dichotomous timedependent depression status variable was created for each visit or time point, with CES-D scores Ͻ16 coded as 0 and scores Ն16 coded as 1.
Childhood SES was measured by the highest level of either parent's education, assessed at Visit 7. Adulthood SES was measured by the highest year of schooling completed by the participant, assessed at baseline.
Covariates. Age, ethnicity, and time-dependent menopausal status were the covariates used in all models. Participants selfidentified as Caucasian non-Hispanic and African-American during the baseline SWAN interview. Menopause status was determined from self-reported bleeding patterns over the year preceding the visit, categorized as follows: bleeding in the previous 3 months with no change in cycle predictability in the past year was considered premenopausal; bleeding in the previous 3 months with a decrease in cycle predictability in the past year was considered early perimenopausal; fewer than 12 and more than 3 months of amenorrhea was considered late perimenopausal; and 12 months or more of amenorrhea was considered postmenopausal. Menopausal status was another variable (in addition to depression) that changed over time as women progressed through the menopausal transition. That is, a woman may have been premenopausal at the start of the study, with her final menstrual period occurring later in the study. Furthermore, the timing of the transition varied between participants. We accounted for this time-dependent variable, menopausal status, by including status at each visit in the analyses. Specifically, for each visit or time point, a categorical variable was created with premenopause coded as 0, early perimenopause coded as 1, perimenopause coded as 2, late perimenopause coded as 3, postmenopause/surgical menopause coded as 4, and unknown coded as 5.
Statistical Analyses
Differences between participants who completed the CTQ and participants who did not complete the CTQ were reported previously (Midei et al., 2010) . Chi-square analyses were used to examine ethnicity differences for abuse history. Logistic regressions were used to examine whether history of any abuse (each subtype entered in separate equations) was associated with the presence of the metabolic syndrome at baseline, controlling for ethnicity, age at baseline, and menopausal status at baseline. Logistic regression provides an odds ratio, or the likelihood of developing the metabolic syndrome based on the history of childhood abuse. Potential risk factors for the metabolic syndrome, such as cigarette smoking, alcohol abuse, physical activity, childhood SES, and adulthood SES, were entered as a step in the model if significant relationships were found between abuse and baseline metabolic syndrome.
Among those without metabolic syndrome at baseline, Cox proportional hazards modeling was used to examine whether history of any abuse (each subtype entered in separate equations) predicted incident metabolic syndrome over the follow-up annual visits. The time variable was time from baseline to the annual visit when the first episode of metabolic syndrome occurred. The Cox model provides a hazard ratio statistic, and interpretation is similar to an odds ratio. Analyses first controlled for ethnicity, age at baseline, and time-dependent menopausal status. If significant relationships were found between abuse and incident metabolic syndrome during the menopausal transition, traditional risk factors for the metabolic syndrome were then entered as a step in the model. Additionally, abuse was also tested as a predictor of the individual components of the metabolic syndrome. Analyses were performed using SAS, version 9.1 (Allison, 2010) . Table 1 shows descriptive characteristics of the study sample. In the 282 women free of metabolic syndrome at baseline, 59 women were identified with the metabolic syndrome over the follow-up visits. Cox proportional hazards modeling showed that physical abuse was associated with incident metabolic syndrome, HR ϭ 2.12, 95% CIs [1.15, 3.91], p ϭ .02, controlling for age at baseline, ethnicity, and time-dependent menopausal status. Figure  1 displays the relationship between childhood physical abuse and incident metabolic syndrome with a survival curve. Emotional abuse and sexual abuse were not associated with incident metabolic syndrome, HR ϭ 1.37, 95% CIs [0.75, 2.53], p ϭ .31, and HR ϭ 1.29, 95% CIs [0.63, 2.62], p ϭ .49, respectively. Physical abuse continued to be associated with incident metabolic syndrome, even when further controlling for cigarette smoking, phys- (59) 25 (23) 19 (36) Note. CES-D ϭ Center for Epidemiological Studies Depression; HS ϭ high school; SES ϭ socioeconomic status a More Blacks reported being current smokers than Whites ( 2 ϭ 3.70, p ϭ .06). b More Blacks reported being depressed than Whites ( 2 ϭ 3.48, p ϭ .06). c Incident metabolic syndrome was calculated for women free of metabolic syndrome at baseline (342 Ϫ 60 ϭ 282). Thus, out of 282 women, 59 women (or 21% of the remaining sample) were classified as having incident metabolic syndrome during the follow-up visits. ical activity, alcohol abuse, depressive symptoms, childhood SES, and adulthood SES, HR ϭ 2.02, 95% CIs [1.02, 4.02], p ϭ .04.
Results
Blacks and Whites in our sample reported significantly different rates of physical abuse; thus, we tested whether the relationship between physical abuse and incident metabolic syndrome varied by ethnicity. We created an interaction term (physical abuse ϫ race) and added the term as an independent variable in the Cox regression analysis. The interaction term did not significantly predict incident metabolic syndrome (p ϭ .61), suggesting that the relationship between physical abuse and incident metabolic syndrome did not vary by ethnicity.
We also examined whether physical abuse was associated with the incidence (Visits 1-7) of elevated risk for each individual component of the metabolic syndrome in individuals without the elevated component at baseline. Table 3 lists the metabolic syndrome components and the number of individuals exceeding the metabolic syndrome threshold for each component, both at the baseline visit and for incidence during Visit 1 through Visit 7. Cox models showed that physical abuse was associated with the incidence of high waist circumference (Ն88 cm), HR ϭ 2.07, 95% CIs [1.04, 4.13], p ϭ .04, and of high fasting glucose (Ն110 mg/dL), HR ϭ 2.92, 95% CIs [1.45, 5.86], p Ͻ .01), while adjusting for age, ethnicity, and menopausal status. Physical abuse was not associated with high BP or medication use, triglycerides, or low HDL (ps Ͼ .50).
Discussion
The present study tested for an association between reports of childhood abuse and adulthood metabolic syndrome in midlife
Black and White women. Results showed that women who reported physical abuse had approximately double the risk for being classified with the metabolic syndrome during midlife aging. The positive association between physical abuse and incident metabolic syndrome persisted above and beyond traditional risk factors for metabolic syndrome, suggesting physical abuse as a unique predictor in women's cardiovascular health.
Physical abuse, but not sexual abuse, predicted incident metabolic syndrome, partially supporting our hypothesis. It is possible that the perpetrator of the violence may be an important aspect of the abuse and its link to health. Two of the five items assessing physical abuse in the CTQ implicated a family member, compared to zero of the five items assessing sexual abuse. The CTQ does not obtain information on the perpetrator of the sexual abuse. Future studies should consider gathering information regarding the experience of childhood abuse including the perpetrator in order to evaluate what aspects of the abuse are most salient for subsequent health.
The subanalyses of the present study point to possible mechanisms between abuse and the metabolic syndrome. Physical abuse was related to incident central adiposity and high fasting glucose; central adiposity and insulin resistance are generally considered the underlying risk factors for the metabolic syndrome (Grundy, 2011) . Central adiposity and high fasting glucose may be driven by an unhealthy diet; some studies have shown that using food in response to stress or binge eating partially mediated associations between childhood abuse and obesity (Greenfield & Marks, 2009; Rohde et al., 2008) . Dysregulation of the hypothalamic-pituitaryadrenal (HPA) axis and cortisol may be another pathway connecting abuse to central adiposity/fasting glucose. Childhood abuse has been shown to be associated with HPA axis hyperactivation (Cicchetti & Rogosch, 2001; Heim et al., 2000) , and cortisol promotes maturation of adipose tissue cells and stimulates storing energy as fat in the presence of glucose and insulin (Grégoire, Genart, Hauser, & Remacle, 1991) . Finally, negative emotions such as depression and anger have been shown to partially explain the relationship between abuse and central adiposity or ischemic heart disease, although, in the present study, we controlled for depressive symptoms (Dong, Giles, et al., 2004; Midei et al., 2010) .
There are several implications of this study. Children and adolescents are the most likely to be victimized compared with adults of any age (Finkelhor, Ormrod, & Turner, 2007) , and these results suggest that abuse in childhood may have long-lasting health consequences continuing into middle age. Prevention should be the first priority in the public health domain; programs teaching parenting skills to reduce physical violence in the home have been shown to be effective (Lundahl, Nimer, & Parsons, 2006) . Detection of children and adolescents with abuse should be the second Figure 1 . Cumulative probability of surviving the seven follow-up visits without a diagnosis of the metabolic syndrome, controlling for ethnicity, age at baseline, and menopausal status at baseline. priority. Communities can take an active role in encouraging victims to report and can also aim to improve interactions with the legal system. Finally, intervention and treatment may offer opportunities to disconnect the association between childhood abuse and health risk. It is possible that clinicians and clinical researchers may improve the trajectory of mental and physical health outcomes for victims of interpersonal violence. There are several strengths and limitations of the current study. SWAN assesses women at midlife, which is a time period with increased health risks. In addition, the CTQ is a well-validated and reliable assessment of emotional, physical, and sexual abuse. Our study was also able to control for lifestyle factors (cigarette smoking, physical activity, and alcohol abuse) and psychosocial factors (socioeconomic status and depression) related to cardiovascular disease in women. Finally, we were able to test for an Abuse ϫ Ethnicity interaction and found that the relationship between physical abuse and incident metabolic syndrome did not vary by ethnicity. The present study is limited in understanding the causal nature of the association between childhood physical abuse and incident metabolic syndrome during midlife aging. Childhood abuse was measured after the time frame for measuring metabolic syndrome. However, the CTQ refers to experiences that occurred before the age 18. Scher and colleagues (2001) presented normative CTQ data in a community sample of middle-aged women, which were similar to the means in our sample for emotional abuse (M ϭ 6.6, SD ϭ 3.7 vs. M ϭ 7.8, SD ϭ 4.1), physical abuse (M ϭ 6.4, SD ϭ 2.9 vs. M ϭ 6.6, SD ϭ 2.8), and sexual abuse (M ϭ 5.7, SD ϭ 2.5 vs. M ϭ 6.4, SD ϭ 3.7). It is unclear whether prospective reports would have yielded more valid information, given the target age of abuse and the biases of underreporting ongoing abuse. Another limitation pertains to the fact that women had to be preor perimenopausal when entering the study and those who experienced the menopause prior to age 42 would not have been eligible. Thus, the current findings cannot be generalized to women experiencing menopause earlier in the life span. The measure used to assess childhood abuse has good reliability and validity, but retrospective recall of temporally distant and emotionally painful events has the potential for distortion, possibly because of repression, denial, or current mood at time of recall (Briere, 1992) .
To our knowledge, this is the first study to suggest that childhood abuse is a risk factor for metabolic syndrome during midlife aging, which is a period of increased cardiovascular risk for women. Physical abuse appears to be particularly detrimental in predicting adulthood metabolic syndrome. Previous studies suggest that childhood abuse is associated with cardiovascular disease; future studies should test whether metabolic syndrome accounts for this relationship. 
